Abstract: Effective patient education among individuals with rare or chronic conditions is important for health outcomes, but difficult because of patients' evolving needs. Telemedicine for patient education (TPE) may facilitate communication between healthcare professionals and patients to improve health outcomes. This study aimed to explore potential benefits of TPE and to apply the Community of Inquiry (CoI) framework to examine perceptions of TPE among patients with rare or chronic conditions. Patients with rare or chronic conditions (N = 274) were recruited from an international online health community and completed a 46-item crosssectional survey. The survey was based on previous research, underwent review by a panel of experts for face and content validity, and assessed patient perceptions of the CoI framework for TPE. Patients reported wide access to digital devices and high use of social media tools, particularly Facebook. While few patients had experienced TPE, most agreed that telemedicine was an excellent medium for patient education. Patients perceived all three elements of the CoI framework to be equally important for effective TPE. Results suggested that TPE meets a number of criteria perceived to be important for patients with rare and chronic conditions, and that the CoI is a viable TPE framework for this population.
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PUBLIC INTEREST STATEMENT
Do people from low and high socioeconomic status groups perceive problem situations differently? Perceptions of how the problems come about and of whether one is responsible for finding a solution may impact how individuals manage the problem. This study found that individuals who view themselves as being relatively well-off tend to feel more in control of their life in general, which in turn, relates to their focus on problem causes that are internal (i.e., individual characteristics), changeable and controllable, and see the self as responsible for dealing with their own problem. In contrast, those who view themselves as being less well-off tend to feel less control, which relates to their perceptions of problems as being externally caused, unchangeable, uncontrollable, and of themselves as less responsible for the problem solutions. The results provide further evidence for how people from different socioeconomic groups may perceive social experiences in different ways.
Patient education, as defined by the University of Texas Medical Branch is "an individualized, systematic, structured process to assess and impart knowledge or develop a skill in order to effect a change in behavior" (University of Texas Medical Branch, 2014, p.1).
Incorporation of patient education into a patient's care is key to successful self-management and improved health outcomes (Ross, Ohlsson, Blomberg, & Gustafsson, 2015) . These outcomes include but are not limited to acquiring and implementing knowledge of treatment options; choosing medications and dosages; and incorporating behavior changes like diet, exercise, and stress reduction for optimum quality of life (Rodriguez de Bittner & Zaghab, 2011) . For all patients, meaningful patient education is universally recognized as difficult (Jensen, Gabre, Skold, Birkhed, & Povlsen, 2014) . Further, mode of education delivery, patient interest, and transfer of knowledge from theory to action present obstacles to successful results (Bombeke et al., 2012) . Therefore, affecting change through patient education among patients with rare or chronic conditions is particularly difficult because of the sustained nature of the condition or disease as well as the continued and evolving needs of the patient (Tamura-Lis, 2013) . It is even more challenging to provide access to effective patient education for those who are medically underserved (Jardins et al., 2015) because of added barriers related to lack of resources, geographic expanse and professional diagnosis, treatment, and forecast ambiguity (Torenholt et al., 2015) .
One way to address the above barriers is to use telemedicine for patient education (TPE). Telemedicine technologies can facilitate communication between healthcare professionals and patients to address and improve health-related behaviors or health status. Further, TPE may be especially advantageous for patients with rare or chronic conditions. With over two-thirds of the U. S. population owning smart phones and reporting Internet access, TPE has proven to be cost efficient (Davis & Oakley-Girvan, 2015) . In addition, telemedicine technologies are often available on demand and are geographically unrestricted, allowing for access anywhere and at any time (Stellefson et al., 2014) . Further, patient education via digital technology can reach those who are nonambulatory (Banbury et al., 2014) . TPE also allows for patient privacy, and patients with rare or chronic conditions consider privacy especially important (Seo, Goodman, Politi, Blanchard, & Kaphingst, 2016) . Digitally delivered patient education allows for dynamic rather than static content, increasing user engagement, which is a primary goal providers have for their patients (Schweier, Romppel, Richter, & Grande, 2016) . Finally, TPE increases patient satisfaction (Stribling & Richardson, 2016) , increases compliance (Sohn et al., 2012) , and improves health-related quality of life (Lua & Neni, 2013) .
To assure the efficacy of TPE efforts, the selection of delivery models or frameworks is an important criterion. Unfortunately, selecting a framework is difficult. Telemedicine frameworks are not widely used (Mohr, Schueller, Montague, Burns, & Rashidi, 2014) or universally agreed upon (van Gemert-Pijnen et al., 2011) . While 31 exist, none place emphasis on education, and only 6 of the 31 telemedicine frameworks include, in theory, education as a component (Nepal, Li, JangJaccard, & Alem, 2014) . In practice, TPE that is designed to deliver patient-centered, patientpreferred, and patient-managed care is not yet widely available (Chan & Kaufman, 2011) . Standalone TPE frameworks are unreported in the literature (Gee, Greenwood, Paterniti, Ward, & Miller, 2015) . This dearth of information is unfortunate because practitioners and patients agree that TPE, if delivered appropriately, would be cost effective, well received, and a useful health literacy tool for patients with chronic or rare conditions who are medically underserved (Kayser, Kushniruk, Osborne, Norgaard, & Turner, 2015) .
While TPE delivery models are scarce, the Community of Inquiry (CoI) encompasses the requisite criteria. It was developed by Garrison, Anderson, and Archer (2001) and is a validated framework from the broader discipline of online learning. A comparison of the elements of the CoI with those of TPE reveals substantial similarities in that both attempt to engage the learner in meaningful, multidimensional educational experiences through the use of remote digital technology (Golding, 2015) . The CoI framework was developed to provide a model for successful online education and is comprised of three factors: cognitive presence, social presence, and teaching presence. Scott and Mars (2013) compare the CoI to TPE in the following ways: Cognitive presence refers to information exchange, connection of ideas, application of new ideas, and a sense of curiosity. For TPE, this dimension would apply to the patient's willingness and ability to learn as well as to their learning style. Social presence is the human element of the CoI framework and is comprised of collaboration and risk-free expression. For TPE, this encompasses meaningful interactions between the patient and the providers leading to improved self-management of the patient's medical condition. Finally, teaching presence is comprised of activities that focus on specific information, define or initiate topics, and share personal meaning. For TPE this element focuses on the ability of the providers to offer health information in a way and at a level that patients can understand and act on. Each of these factors is designed to optimize multidimensional online learning experiences and, in TPE, to improve health outcomes.
An accepted online education delivery system framework for TPE would be of use to online health communities (OHCs) that are popular with patients who suffer from chronic conditions or rare disorders and are often medically underserved (Rupert et al., 2014) . OHCs are Internetbased discussion forums designed to encourage patients and caregivers to share personal experiences, resources, evidence-based health-related research, and information and provider feedback (Macias, Lewis, & Smith, 2005) . While OHCs are generally accepted as a productive resource in the patient community and are increasing rapidly, providers are reluctant to support them out of concern that inaccurate information will be disseminated or that accurate information will be misinterpreted (Léegaré & Witteman, 2013) . A standardized TPE framework, similar to the CoI, could remedy this growing divide between patient advantage and provider resistance.
Therefore, the first purpose of the current study was to explore the potential benefits of TPE among online support group patients with rare or chronic conditions. The second purpose of the study was to apply the CoI framework to examine perceptions of TPE among online support group patients with rare or chronic conditions.
Methods
The current study used a cross-sectional, anonymous survey design. The A.T. Still UniversityArizona Institutional Review Board reviewed and approved the study.
Study participants
The target population was patients with rare diseases or chronic illnesses. To reach this target population, patients were recruited from OHCs through Ben's Friends. The mission of Ben's Friends is "to ensure that patients living with rare diseases or chronic illnesses, as well as their caregivers, family, and friends, have a safe and supportive place to connect with others like them" (Ben's Friends, 2017, "Mission"). Ben's Friends has OHCs for 34 different rare diseases or chronic conditions and has approximately 3,000 members internationally.
In collaboration with Ben's Friends, a cover letter and link to an electronic survey was distributed to the members of Ben's Friends during fall 2014. Participation was anonymous and no identifying information was collected. All recruits were adults. Agreeing to participate served as informed consent. Distribution occurred through the Ben's Friends website, Facebook page, and Twitter page. In addition, the directors of each of the OHCs were asked to distribute the survey link to their members. The survey was open for three months, and one reminder was posted to the Ben's Friends website, Facebook page, and Twitter page. Directors of the OHCs could also send a reminder to members at their discretion.
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Survey development
A 46-item instrument was developed in collaboration with external subject experts and consultants. The survey, designed to assess patient perceptions of the CoI framework and TPE, underwent seven rounds of revision and was reviewed by specialists in telemedicine and psychology for face and content validity. Demographic questions collected information on age in years, sex, race/ ethnicity, education, living situation, country of residence, community of residence (urban, rural, suburban) , and average hours worked per week.
Survey items measuring preferences related to TPE were based on the CoI framework (Garrison et al., 2001) . Previous work has led to the development of scales to measure the cognitive, social, and teaching presences of the CoI framework (Akyol & Garrison, 2008; Arbaugh et al., 2008; Garrison, Anderson, & Archer, 2010) , and the model has been widely applied in online education. Like online education, telemedicine occurs at a distance and often asynchronously. Therefore, for the current study, the authors collaborated with Dr. Randy Garrison, the primary developer of the CoI framework, to modify CoI scales for application to the telemedicine experience. The goal was to determine which elements of the CoI were considered most important to patients during the telemedicine experience. Modification of CoI scale items resulted in 11 items measuring cognitive presence, 8 items measuring social presence, and 11 items measuring teaching presence. For each of the 30 CoI items, a five-point Likert scale was used (1 = not important at all, 2 = not important, 3 = neutral, 4 = important, and 5 = very important). A separate item measured the patient's overall perception of whether telemedicine was an excellent medium for health-related patient education (strongly agree, agree, neutral, disagree, strongly disagree, don't know).
To measure access to digital devices, patients were provided with a list and marked all devices they had easy access to, including smart phone, tablet, laptop, desktop computer, and other. Patients were asked about use of e-mail and which social media tools they used, including Facebook, Twitter, Pinterest, LinkedIn, Skype, Instagram, Tumblr, and other. Patients were also asked if they had experience with using TPE for management of a disease or acute illness, prior to a medical procedure, for follow up to a prior visit, after a medical procedure, or other. Patients with experience using TPE were asked to report which modes they had used: Internet resources or websites, telephone, video conference, computer programs, mobile applications, or other.
Data collection and analysis
Data were downloaded into SPSS Statistics version 23.0 (IBM Corp., Armonk, NY) for analysis. Mean and standard deviation were calculated for age. For nominal demographic and background characteristics, access to digital devices, use of e-mail, and use of social media tools, frequencies and percentages were calculated. To measure patient preferences for TPE, responses to the CoI items were grouped into four categories: not important or not at all important, neutral, important or very important, and don't know. Frequencies and percentages within each response category were then calculated for each CoI item.
Valid percentages were calculated to measure patients' perceptions of telemedicine as a medium for health-related education. χ2 tests were used to evaluate whether patient perceptions of telemedicine for health-related education were contingent on their experience with telemedicine for health-related education, sex, race/ethnicity, education, community of residence, and hours worked per week. Kruskal-Wallis analysis of variance was used to compare median ratings of importance of cognitive, social, and teaching presence items between those who had experienced, had not experienced, and did not know if they had experienced TPE.
Results

Summary statistics of study participants
Two hundred ninety-one members of Ben's Friends began the survey. Of these, three cases had missing data for all but one question and were excluded from analyses. An additional respondent who was under 18 and 13 participants who were not patients were also excluded. Therefore, responses from 274 (9.5% of the total population) participants were included in the analyses. Demographic characteristics of the study participants are presented in Table 1 .
Participants were predominantly middle-aged (mean 53.5 ± 12.2 years), female (84%), and White (89%) and had college or postgraduate degrees (78%). Over 80% (n = 136) of participants lived in the United States or Canada. The most common community of residence was urban (42%), and 40% of participants were currently employed.
As shown in Figure 1 , participants had wide access to digital devices, with smart phones and laptops being the most common. While almost 80% of participants belonged to Facebook, membership in other social media was less common. Fifty-six participants (20%) reported that they had participated in telemedicine sessions for patient education, and among these participants, most had used such sessions for management of a disease or chronic condition (Figure 2) . The most common mode used for TPE was Internet resources/websites, followed by telephone, video conference, computer programs, and mobile applications (Figure 3 ).
Preferences for telemedicine patient education
Sixty-six (24%) respondents did not answer 20% or more of the CoI items and were excluded from CoI analyses. Therefore, for all CoI analyses, the sample size was 208. While exclusion from CoI analysis was not associated with age, education, community of residence, or hours worked per week, males and patients with non-White race/ethnicity were significantly more likely (p < .05) to be excluded from CoI analyses because of missing responses.
Tables 2-4 present participating patient preferences for TPE in relation to the CoI items measuring cognitive, social, and teaching presence. Overall, they rated CoI items as important; all items were rated as either important or very important by at least three-fourths of patients in the study. On a five-point scale, the average rating of importance across cognitive presence items was 4.6 (median = 4.5, interquartile range = 4.2-4.9). The mean across social presence items was 4.5 (median = 4.5, interquartile range = 4.2-5.0), and the mean across teaching presence items was also 4.5 (median = 4.5, interquartile range = 4.3-4.9).
For cognitive presence (Table 2) , the items rated most important were getting information to answer questions (98.1%), getting up-to-date information (98.1%), and the ability of patients to use what they had learned to improve their health (96.3%). The lowest rated item was related to increased patient curiosity about health-related issues (77.7%).
The social presence items rated most important were being comfortable with two-way discussions (93.5%), being able to disagree with the provider but still feeling a sense of trust (95.4%), and feeling that the patient and provider worked as a team (95.3%) ( Table 3 ). The social presence item rated lowest was related to the provider giving the patient a sense of belonging to the practice (79.5%).
The items rated most important for teaching presence were the provider clearly communicating important topics (98.2%), clearly communicating important goals (95.4%), and helping the patient understand topics and clarify thinking (95.8%). The item rated as least important was the provider reinforcing the patient's feeling of belonging and importance (77.9%) ( Table 4) . Kruskal-Wallis analysis of variance comparing median ratings of importance across cognitive, social, and teaching presence items between those who had experienced, had not experienced, and did not know if they had experienced TPE revealed no significant differences (Table 5 ).
When asked if telemedicine was an excellent medium for health-related education, 67% of patients responded "agree" or "strongly agree" (Figure 4 ). Among patients who had experience with TPE, 86% agreed or strongly agreed that telemedicine was an excellent medium for healthrelated education compared with 69% of patients who had not experienced or did not know if they had experienced TPE, χ2 (1, 195) = 3.83, p = .05. Attitudes about telemedicine as a medium for health-related education did not differ significantly (p > .05) by age, sex, race/ethnicity, education, community of residence, or hours worked per week.
Discussion
Results of the current study suggested that patients with rare and chronic conditions were interested in greater professional collaboration, disease knowledge, management, and education. Ben's Friends, the online patient support community for rare and chronic conditions used for this study's target population, has experienced sustained success and continuous growth demonstrating the desire, by patients, for additional digital connection and communication.
Further, the geographic diversity of Ben's Friends membership is broad; in 2016, there were 100,000 site visits monthly, including hits from every U.S. state and countries around the world (Ben's Friends, 2017, "History") . This geographic diversity and breadth of membership suggests that TPE may be an accessible and acceptable digital delivery communication method for patients with access to and literacy in computing technology. The first purpose of the current study was to explore the potential of TPE among online support group patients with rare or chronic conditions. The results supported the potential of TPE in the target population in several ways. First, patients had access to multiple digital devices, with smart phones being the most common. This finding is supported by the Pew Research Center (2017), which found that 80% of Americans own some type of (noncellular) digital device. In addition, it was reported that 95% of the adult U.S. population owned a cellphone, and 77% owned smartphones (Pew Research Center, 2017) . This study's demographic findings also mirrored Pew report findings in that smartphone ownership dropped to 48% in the over 65 age group. With easy access to and active use of digital devices and smartphones, TPE can be an excellent method of delivery to a large portion of the rare and chronic condition patient population.
Results of the current study also supported the potential of TPE because participants indicated that they commonly used social media tools. This finding reflects those of the National Archives (2017a), which reported that 97% of adults in the U.S. have direct or indirect access to social media networks and the majority have personal accounts. On average, according to the National Archives (2017b), U.S. adults devote two hours daily to social media networking, messaging, and information gathering. This willingness to use and subscribe to social media platforms demonstrates an exceptional opportunity for TPE delivery.
Currently, as supported by results of the current study, the most common social media network used by U.S. adults is Facebook. Neilson (Casey, 2017) reports that 68% of all U.S. adults have a Facebook subscription, and almost 100% of all public and private companies, agencies, and organizations have a Facebook site. Personal usage and site activity is brisk. This devotion to Facebook; its user friendly, free platform; and its ability to easily link followers to other sites make it an excellent prospect for an effective TPE environment.
The use of TPE as a viable method for patient education delivery through digital devices and social media platforms was supported by the current study findings. Of the participants who had experience with TPE, most used it for management of conditions through Internet resources and websites or by telephone. These findings are consistent with previous research that found patients wanted more information about their condition and access to that information through the Internet, social media networks, and smartphone applications (AlHilali, AlMuammar, AlKahtani, Khandekar, & AlJasser, 2016; Huang et al., 2015; Shea et al., 2009) . It is likely these choices were overwhelmingly selected as a way to access desired information at a pace and in a place that allowed for privacy and time to reflect. Patients in these studies also indicated that having the opportunity to access user-friendly, accurate information about their condition empowered them to ask better questions of their medical provider and resulted in improved compliance (AlHilali et al., 2016; Huang et al., 2015; Shea et al., 2009) .
On a broader level, while few patients in the current study had experience with TPE, the majority agreed that telemedicine was an excellent medium for patient education. This perception may be due to the common characteristics of digital communication that patients value, such as commitment to user friendliness and readability. According to Eltorai, Sharma, Wang, and Daniels (2015) and to Polishchuck, Hashem, and Sabharwal (2012) , these two factors make TPE a preferred delivery method for health-related patient education. By its nature, social media is designed to encourage repeated and sustained virtual visits. Competition for customers or clients is fierce. Therefore, great effort and focus is placed on providing users with an attentive, centered, and friendly experience. A typical example of a user-attentive experience is automatic recognition of name and display of past activity. A user-centered experience is focused on offering what the client wants based on stated preferences, and a user-friendly experience ensures ease of operation. Despite claims to the contrary, this emphasis on digital communication for health-related patient education in the field of medicine and patient education is fairly unique (Svavarsdóttir, Sigurðoardóottir, & Steinsbekk, 2015) . In fact, only a small minority of medical practices, large and small, offer such opportunities (Anderson, 2015) . In addition, most Internet and web-based sites, including social media networks, aim to present information at an elementary grade reading level with an emphasis on visuals, which typically include photos and videos. A systematic review by Eltorai et al. (2015) revealed that most traditional patient education material was presented well above the patient-preferred sixth grade reading level and without compelling or engaging visual support.
The second purpose of the current study was to apply the CoI framework to examine perceptions of TPE among online support group patients with rare or chronic conditions. Not surprisingly, when asked about the three elements of the CoI framework, most participants rated the presence of all three as important for effective use and delivery of TPE. For cognitive presence, participants specifically wanted up-to-date information to answer their health questions and indicated that they intended to use information received to improve their health. For social presence, participants perceived two-way communication and teamwork to be important. For teaching presence, participants most wanted the provider to clearly communicate important topics. Overall, when asked if telemedicine was an excellent medium for health-related education, most patient participants thought that it was. This result applied to those who had experienced telemedicine and to those who had not. Further, these findings are consistent with previous patient satisfaction studies (Moore, Hamilton, Krusel, Moore, & Pierre-Louis, 2016; Tehrani, Feldman, Camacho, & Balkrishnan, 2011) . Of particular note, in the current study, for the social presence category, patients also indicated that user friendly technology was important. This finding, along with those for teaching and cognitive presences, reinforces the value of TPE and the potential of the CoI as a framework for TPE.
The current study had several limitations. Demographic variables were imbalanced, participants were predominantly White, educated women from the U.S. and Canada and likely did not represent most medically underserved patients. Also, there was no operationalized criterion against which to test CoI items to determine validity or reliability. In addition, two different sets of patients were included, those with chronic and medically rare conditions. It is possible that these two groups have divergent needs and interests. Conversely, study strengths included use of an established framework to better inform and direct TPE and a method by which medical practitioners can narrow the information and communication gap for the growing number of medically underserved patients with rare or chronic conditions.
In conclusion, results of the current study suggested that TPE meets a number of criteria perceived to be important for patients with rare and chronic conditions. Further, patients were willing, under certain conditions, to use telemedicine patient education as a digital delivery method for rare disease and chronic condition education. Finally, the CoI, along with its three presences, appeared to be viable framework for this population and warrants further examination.
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